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Abstract　In aquaculture and ornamental industries, copepods are recognized as preferred live 
feeds for marine fish larvae over commonly used organisms such as Artemia and rotifers. Marine 
fish larvae fed with copepods show better survival and growth. Despite obvious advantages of 
copepods as live feed, their use is still limited owing to low productivity and cost-efficiency when 
mass cultured.
Copepods can be divided into free-spawner and sac-spawner (egg-carrying) according to their 
spawning style. In cultivation of egg-carrying copepod, a simple nauplii collection/harvesting 
method with low labor has not been established, because females carry the egg-sac until hatch-
ing. Manual collection of nauplii using a siphon hose and mesh-filters is a common method in co-
pepod cultivation, but automation is necessary to reduce labor costs if copepods are to be viably 
cultured at a commercial scale. Recently, we devised a zooplankton bioreactor for rapid separa-
tion of free-spawner copepod eggs from adults in a tank. The automation collects eggs on a mesh 
filter in a water flow system which can also function as water exchange device. In the present 
study, we apply this bioreactor to egg-carrying copepod, and report the results from cultivation at 
laboratory-scale for 45 days.
Species of Oithona are good candidates for live feed because their body size and biochemical 
composition are suitable for many marine fish larvae which have small gapes. Oithona oculata 
is widely distributed and a typical dominant species in coastal waters, and was chosen as target 
species of egg-carrying copepod in present study. 150 adult individuals of O. oculata were placed 
into a culture chamber which were immersed in a reproduction tank containing 3 L seawater. 
The culture chamber to retain the copepods has a 100-µm nylon mesh placed 5 mm above the 
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bottom, while allowing passage of nauplii. The copepods were fed daily with a sufficient amount 
of Thalassiosira weissflogii and Isochrysis galbana and incubated at 28°C for 45 days. Produced 
nauplii in the reproduction tank were collected daily using water flow of 1.5 L min-1. The species 
abundance in each development, ovigerous rate and collected number of nauplii were measured 
daily.
In the semi-continuous culture, the collected nauplii were cultured in maturation vessels and 
returned to the production tank after their maturation, and 45 days cultivation (four generations) 
was achieved. Total abundance was gradually increased from day 4 to day 20 and reached at 500 
inds. L-1. Ovigerous rate varied from 0 to 88% during the incubation period. The maximum num-
ber of collected nauplii was 380 nauplii L-1 at day 5. The results obtained in present study suggest 
that the bioreactor can also be applied to egg-carrying copepod by optimization of the mesh size 
and the water flow velocity.
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提案されている（Støttrup et al. 1986, Marcus & Wilcox 
2007, Drillet et al. 2011, Santhosh et al. 2018）。 一方、
















（Santhosh et al. 2018）。本属のノープリウス幼生の体幅
は 60 µm 程度と小さく、仔稚魚の口径が小さなハタ科
やフエダイ科といった魚種の餌料としての利用が可能で
ある。Oithona oculata Farran は高密度での培養が達成
されたことから大量培養の候補種として期待され（Mole-

















11 月から 2019 年 11 月に相模湾真鶴港（35°09ʼ49”N, 
139°10ʼ33”E）において、目合い 180 µm のプランクト
ンネット（口径 30cm, 長さ 100 cm）を用いて採集し
た。また、各実験で使用した海水には同港において




Leica）で形態学的特徴をもとに O. oculata 成体を同定・
選別し（千原・村野 1997）、各実験前に 24 時間の馴
致培養を行った。本研究におけるすべての馴致培養及
び実験での水温と餌料密度は、本種の卵嚢生産速度
が最大となる水温 28℃（Ambler et al. 1999）、餌料密
度 2 × 106 cells mL-1（Molejón & Alvarez-Lajonchère 
2003）とし、餌料には Molejón & Alvarez-Lajonchère
（2003）によって推奨された Isochrysis galbana Parke
とThalassiosira weissflogii Grunow の混合餌料（細胞












の海水を水中ポンプ（CompactOn 300 pump, EHEIM 
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Figure 1. A reproduction tank (3 L) for incubation of adults copepods, a collection vessel (3 L) for collec-
tion of nauplii and maturation vessels for rearing nauplius used for semi-continuous culture of Oithona 
oculata in the present study. A reproduction tank has a plastic cylinder (A) with a 100 µm-nylon mesh at 
the bottom, which retains adult copepods and allows passage of nauplii. A collection vessel has a plas-
tic cylinder (B) with a 20 µm-nylon mesh at the bottom, which retains nauplii. Sea water run from a col-
lection vessel into a reproduction tank by a water pomp, and from a reproduction tank into a collection 
vessel by gravity. Collected nauplii were reared in maturation vessels. Maturated adults were returned 


















2.5 分、2 分となる1.0 L min.-1、1.2 L min.-1、1.5 L min.-1
の 3 条件とした。
2-4.	半連続培養
現場より採集した O. oculata 成体 150 個体を生産
槽へ播種し、45 日間の運転を行った。水温は 28℃、
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明 暗周期は 12 時間毎、 餌 料には I. galbana と T. 
weissflogii の混合 餌料を選定し、十分 量（2 × 106 
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実験に用いた目合い 50、100、140、200 µm のメッ
シュの内、目合い 50、 100 µmではメッシュを通過した
個体は皆無であった（Fig. 2）。目合い 140 µmでは 2.2 




間後には飽和した（Fig. 3）。回収開始から1 時間後の 
Figure 2.  The ratio of individual number of adult 
female Oithona oculata passed through different 
pore size of nylon mesh for 6 hours at 28℃ under 
dark condition. Error bars indicate standard devia-
tions (n=3).
it l ta
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Figure 3. Cumulative collection efficiency of Oithona oculata nauplii reared in a reproduction tank (3 L) 
under three different flow rates as follows; 1.0, 1.2 and 1.5 L minutes-1. White and gray bars indicate the 
alive and dead nauplius, respectively. Error bars indicate standard deviations (n=3).
ノープリウス幼生の回収効率は、1.5 L min.-1 の条件で
89.0%と他流速条件と比べ有意に高い値を示した（one-
way ANOVA, Tukey-Kramer, p<0.01）。回収開始から
1 時間後の死亡個体の割合は流速 1.0 L min.-1 条件で
0.0%、 1.2 L min.-1 の条件で 4.0 ± 2.8%、1.5 L min.-1






密度は最小で 44.0 inds. L-1（4 日目）、最大で 508.3 
inds. L-1（10 日目）を示し、培養期間中大きく変動
した（Fig. 5）。雌成体の個体密度は培養 19 日目に
182.6 inds. L-1 と最大値を示した後に減少し、培養
最終日までは増減を繰り返した。雌成体の内、卵嚢
を有した雌成体の割合を示す携卵率は、0.0% （45 日
目）から 87.9% （7 日目）の間で変動し、平均で 44.2 
± 20.9% であった（Fig. 6）。回収されたノープリウ
ス幼生数は培養 5 日目に 381.0 inds. L-1 と最大値を
Figure 4.  Temporal variations of water tempera-
ture, salinity and cell concentration of microalgae 
in a reproduction tank in semi-continuous culture 
for 45 days. Cell concentration is the sum of con-
centrations of Isochrysis galbana and Tharassiosira 
weissflogii.
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Figure 5. Temporal variations of density in different growth stage of Oithona oculata in semi-continuous 




養中期にかけて増加し、培養 31日目に 1523.0 nauplii 
L-1 と最大値を示し、培養期間中の平均値は 450.0 ± 
384.2 nauplii L-1 であった（Fig. 7）。培養期間中に推定
されたノープリウス幼生生産数と回収されたノープリ
ウス幼生数の関係について回帰分析を行った結果、回
帰式（ y ＝ 0.106x, y; 回収されたノープリウス幼生数
（nauplii L-1）, x; 推定されたノープリウス生産数（nauplii 
L-1）: r2=0.3676）を得た（p<0.01, Fig. 8）。
  
Figure 6. Temporal variation of ovigerous rate of 
Oithona oculata female in semi-continuous culture 






nucci 1968, 上田 1993）。本研究においても140 µm と
Figure 7. Temporal variations of nauplius number 
collected and estimated in semi-continuous cul-
ture of Oithona oculata for 45 days using a repro-
duction tank.
it l ta
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Figure 8. Relationship between estimated number 
of total produced nauplii and number of collected 
nauplii. The dotted line in the figure represents a 1:1 
relationship.






分離には自由放卵型の Acartia tonsa Dana、A. tsuensis 
Ito Tak、A. steueri においては体幅の 45–60％ （Toledo 
et al. 2005, Drillet et al. 2015, Sarkisian et al. 2019, 髙
山 2020）、抱卵型の Gladioferens imparipes Thomson 






















































されている（Drillet et al. 2014）。肉食性、雑食性を問
わず多くの種で共食いをすることが知られており（Hada 
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